The water quality is one of the poignant issues in many countries. The exploitation of water from groundwater aquifers has become a common practice in different areas of Zanzibar Island. Vulnerability of water to contaminants due to natural and anthropogenic sources is not unusual. Therefore, the primary objective of this manuscript is to study the groundwater quality parameters in the water sources of Northern region of Zanzibar Island. In June 2014, water samples were collected from fourteen wells for bio-chemical analysis. The chemical parameters were analyzed by ICP-OES, while the microbial analysis was done following Bergey's Manual of Determinative Bacteriology. Some of the analyzed parameters (Co, Be, Cd, Al, Fe and Mn) were not detected. Their concentrations were below detection limit (˂ DL). The ranges of concentration for other parameters were; Li: ˂ DL -0.0433 mgL -1 ; As: ˂ DL -0.0026 mgL -1 ; Ca: 25.86 -363.25 mgL -1 ; Cr (III) : 0.0156 -0.0382 mgL -1 ; Mg: 1.784 -59.82 mgL -1 ; Na: 13.03 -166.5 mgL -1 ; Ni: 0.0008 -0.0251 mgL -1 ; Sr: 0.019 -0.22 mgL -1 ; Cu: 0.0007 -0.0072 mgL -1 ; Pb: ˂ DL -0.0054 mgL -1 ; Se ˂ DL -0.0006 mgL -1 . Tl: ˂ DL -0.0072 mgL -1 ; V: ˂ DL -0.0063 mgL -1 ; and Zn: ˂ DL -0.0605 mgL -1 . Microbial analysis reveals that some of water samples contained bacterial contamination. Chemical analysis shows that some of the parameters are beyond the WHO or USEPA guidelines. Thus, consumption of water from groundwater sources without awareness of its quality might cause serious ill effects. Therefore, there is a need of attention for the water regulatory agencies and other stakeholders to undertake regular and in-depth assessments of groundwater quality to protect public health.
INTRODUCTION
Ground water is the most important source of water for drinking and other purposes in Zanzibar Island, indeed water is an obligatory source of our life, without which its existence would be in doubt.
Although groundwater represents an important source of drinking water, its quality is currently threatened by a factors such as water and soil chemistry, geological variation (such as soil type), and anthropogenic activities, which include onsite leaky septic tanks, pit latrines, and all activities conducted around the water sources. All these factors can influence the transportation, distribution, and fate of the chemicals and other contaminants in the groundwater aquifers (Mohamed et al., 2013) . Nevertheless, the crisis of ground water quality remains a big concern in many countries of the world.
It is estimated that about 1.1 billion people globally use unsafe water for their domestic and other purporses, and the vast majority of diarrhea disease in the world (88%) is attributable to unsafe water, sanitation and hygiene (WHO, 2003) . In Zanzibar, Rapid rate of urbanization resulted in an increased demand of water which necessitated for the usage of groundwater to supplement the existing water supply systems, in most areas of the Island. Consequently, the trend of developing privately owned water wells has increased to an amount that has outnumbered the public and community water source. www. siftdesk. org | volume 1: issue 1
Good water quality management is fundamental for the production of clean water for the human consumption and safety. Both qualitative and quantitative determination of the contaminants and the predictions of their possible source(s) are vital in an attempt of tackling contamination problems in groundwater and surface water.
The deterioration of water quality in water body creates a condition so that water cannot be used for intended beneficial uses including bathing, recreation and as a source of raw water supply (Biswas, 2000 : Wesley, 2000 : Khan et al., 2004 . The infiltrations of noxious impurities from various sources such as municipal sewerage, agricultural and domestic effluents are among the key factors, which cause the deterioration portable water quality (Milenkovic, 2005) . It is estimated that, over 5 million people die every year due to water-related diseases. Water related diseases kill a child every 8 seconds and are accountable for 80% of all illnesses/deaths in developing countries (UNESCO, 2007) .
The concentrations of toxic chemicals whether in their organic or inorganic form, and other contaminants have been continuously increasing in various areas of world (Helios-Rybicka, 2002). Human health is ruined directly or indirectly in a number of ways due to environmental degradation. (Guo, 2012) . Low recharge rate coupled with over-exploitation of groundwater can result in shaping more pollutants infiltration and rapid deterioration of water quality. Moreover, several other factors might lead to alteration in groundwater composition over the entire world, but most of which have anthropogenic origins (Pan, 2011) . Furthermore, it is observed that the polluted water affects the human health, soil nutrients, livestock, biomass and environment in certain areas (Sarala and Ravi, 2012) .
Biochemical contamination in groundwater might be enhanced by anthropogenic activities, such as improper disposal of used electronic devices (e-wastes), tires, and other waste materials. In addition, the application of fertilizers, pesticides, and metal-containing paints play a significant contribution in the perspective of groundwater pollution. These activities enhance the changes in groundwater composition and thus deteriorating the quality of groundwater aquifers.
As an example, lead (Pb) is among the chemical parameter assessed in this study. This element is in category of 'heavy metals', it is stable and persistent in the context of environmental contaminants. In general, lead (Pb) is toxic for human health, and at higher levels, it can cause ill effects such as, vomiting, loss of appetite, anemia, intestinal colic, headaches, double vision, mental disturbance, anxiety, convulsions, coma, muscular weakness, loss of memory, and damage of brain, liver and kidney (Bellinger, 2008) . The presence of other cations in the study area could be of detrimental effects in human welfare if they are beyond the recommended guidelines. Therefore, the assessment of groundwater quality is vital, and its consequences can be connected with noncommunicable diseases such as cancer. Thus, the aim of this study is to evaluate the levels of the selected biochemical parameters in the ground water wells of Zanzibar Northern region in an attempt of assessing its suitability for human consumption as regard to WHO or USEPA standards. In June 2014, samples of water from underground water sources were collected from fourteen locations of Zanzibar Northern region. Water samples were collected in sterile bottles (1500 mL) from 14 stations ( Fig. 1) were preserved, and analyzed by using standard methods for the examination of water and wastewater (APHA, 2005) . Before water sampling, all the glass bottles were cleaned and rinsed thoroughly with water to be analyzed. All reagents used were of analytical grade. Samples for the analysis of chemical parameters were filtered using disposable Merck 0.45µm filter Millipore. Thus, the concentrations obtained correspond to the dissolved concentration in the respective ground water sites. The ground water samples were stored at 1-4°C temperature prior to biochemical analysis in the laboratory. Metal analyzed include Co, Be, Cd, Al, Fe, Mn, As, Ca, Cr (III), Mg, Na, Ni, Sr, Cu, Pb, Tl, V, and Zn. The concentrations of these metals were determined using ICP-OES (Thermo Scientific iCAP 6000).
MATERIALS AND METHODS Sampling and Analysis

Figure-1: Locations of sampling areas in Zanzibar North region
Grab sampling procedure was adopted as recommended by Standard Method for microbiological analysis. The occurrence of bacteria on respective selective or differential media was observed on the basis of their colonial, morphological and biochemical properties (Table 4) following Bergey's Manual of Determinative Bacteriology, 1994. 
Chemical parameters Levels of Se, Cr (III), Pb, Magnesium and Tl in analyzed water samples
Water sample from well at Kiwengwa Cairo had highest levels of thallium, lead, nickel and magnesium (Annex-1,Table-3; Fig. 2 & 3) . This water source is at the seashore (Fig. 1) ; hence, the elevated levels of these parameters might be contributed by salt intrusions, which bring in some contaminants from the sea into the aquifer of the well at Kiwengwa Kairo. Moreover, geological and hydrological conditions of this site could also be potential factors the transport and fate of the analyzed parameters. However, the highest concentrations of selenium and chromium (III) were detected from Kidoti msikitini area. Similar reasoning as for the Kiwengwa Cairo is also applicable to water source at Kidoti msikitini area (Fig. 1, 2, & 3) . Magnesium usually occurs in smaller concentration than calcium because the dissolution of magnesium rich minerals is a slow process, thus calcium is more abundant in the earth's crust. The magnesium may also be derived from dissolution of magnesium calcite, gypsum and dolomite from source rocks (Sarala and Ravi, 2012) . Recent study on groundwater quality for water sources located at Urban West Region of Zanzibar, revealed the occurrence of lead, magnesium and thallium and other parameters in some groundwater sources (Mohamed et al., 2014a , Mohamed et al., 2014b . The percent occurrence of Se, Cr III, Pb, Mg, and Tl in water samples were 14%, 100%, 50%, 100%, and 36% respectively (Table 2) . Magnesium showed strong correlation with thallium as well as with nickel with Pearson correlation of 0.839 and 0.919 respectively (Annex-2). 
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Levels of As, Zn and V in analyzed water samples
The highest levels of arsenic, zinc, and vanadium were observed from the water well at Mkokotoni sokoni area ((Annex-1, Table-3 , Fig. 4, & 5) . The effect of salt intrusions is anticipitated to have a significant contribution on the occurrence and the levels of these parameters. Other reasons as noted above are applicable. Because these areas are located near the seashore, some common features or trends are apparent to be witnessed. The percent occurrence of As, Zn, and V in water samples were 29%, 64%, and 43% respectively (Table 3) . Arsenic showed strong correlation with zinc with Pearson correlation of 0.932 (Annex-2).
Figure-4: Levels of As and V in water samples
Figure-5: Levels of Zn in water samples
Levels of Ni, Ca, Sr, Li and Cu in analyzed water samples
The concentrations of nickel, calcium, and strontium in this study were highest at Donge mtambile (Annex-1, Table-3; Fig. 6, 7 , & 8). Copper and lithium were present at highest levels at Mshelishelini and Upenja-uwandani areas respectively ((Annex-1, Table-3; Fig. 5&  6) .
Processes such as cation exchange carbonate mineral dissolution, and oxidation of organic matter might be the controlling factors for the occurrence of cations and other parameters in a given environment (Vandenbohede and Lebbe, 2012) . In this study, the geology of the sampling site is expected to be of sound reason for the occurrence of the parameters at elevated levels. Netherthelss, the presence of these parameters could a consequence of anthropogenic activities. The percent occurrence of Ni, Ca, Sr, Li, and Cu in water samples were; 100%, 100%, 100%, 93%, and 100% respectively (Table 3) . Strontium showed strong correlation with Nickel as well as with Thallium with Pearson correlation of 0.995 and 0.729 respectively (Annex-2). 
